The epidural catheter was placed preprocedurally by an experienced attending anesthesiologist of at least 10 years' experience. Under sterile conditions, a 9 cm 17 gauge Tuohy epidural needle was introduced at T 11 /T 12 to L 1 /L 2 and advanced using incremental assessment of injection resistance until loss of resistance was appreciated indicating placement into the epidural space. A 20 gauge polyamide sterile epidural catheter closed tip was advanced through the Tuohy needle. The needle was then withdrawn and the catheter was left in place. An injection adapter cap was applied to the catheter and 3 mL of 1.5% preservative free lidocaine with 1:200,000 epinephrine test dose was administered through the epidural catheter. After a 10-15 min reassessment exam of test dose to confirm negative intrathecal or intravascular placement, the patient was released to the procedural area for fibroid embolization.
Post procedurally, the dedicated pain nursing team bolused the catheters with 3 mL of 0.125% bupivacaine 20 mcg/mL hydromorphone solution (as tolerated by patient's blood pressure) and began infusion of epidural catheter with the same solution. Standard initial settings began at 2 mL/h at a basal rate of 0.125% bupivacaine with 20 mcg/mL hydromorphone and a demand function of 1 mL every 10 min for a maximum total of 8 mL/h based on demand [ Table 2 ]. The catheter was re-assessed every hour for 4 h post procedure to adjust the infusion rate up to 10 ml/h as the blood pressure will tolerate to achieve adequate analgesia in expected dermatomes. When the patient was able to tolerate oral medications post procedurally, the infusion was held for several hours and PO analgesia adequacy was assessed. If analgesia was adequate, the epidural catheter was removed. If analgesia was inadequate, the epidural infusion was restarted and administered for another 24 h with a repeat assessment for transition to PO analgesia. In our study, all patients on epidural PCA had their infusion stopped within 28 h.
The i.v. PCA was connected to the patient's peripheral i.v. access at the termination of the procedure. The typical regimen used for i.v. PCA includes hydromorphone 0.2 mg/mL, 1 mL delivered i.v. every 6 min based on patient demand for analgesic requirements with a maximum dose of 2 mg/h allowed [ Table 2 ]. Titration policy allowed for up titration to 1.5 mL (0.3 mg total) every 6 min with a maximum dose of 3 mg/h. The pumps used for both i.v. PCA and Epidural Pumps are the BodyGuard 575 Color Vision™ (Caesarea Medical Electronics Ltd, Caesarea, Israel). The Infusion pumps are monitored by full time 24/7 dedicated nursing team from the pain service.
A review of the electronic medical record for total hydromorphone administered during the patient's stay was performed. Data for administered oral opioids and other pain medications was also collected. Medication side effects such as nausea and pruritus were recorded as categorical events. Statistical analysis was completed in SAS 9.4 (SAS Institute Inc., Cary, NC, USA) using Fisher's Exact, Chi-square test, and t-test. A significance level of 5% was considered as statistically significant. An analysis of covariance was also performed to determine if the treatment groups were significantly different after adjusting for age, race, and insurance status, history of opioid or NSAID use, smoking and alcohol use. Patient satisfaction with their pain regimen was recorded upon discharge using the following question: "Were you satisfied with your pain control regimen after the procedure and would you like to use the same regimen again if you needed another UFE". "Yes" or "No" data was collected.
results
Total hydromorphone dose administered to patients post UFE using epidural PCA was significantly less than patients using an i.v. PCA (P = 0.001) [ Table 3 ]. Total hydromorphone dose in the i.v. PCA group had a mean of 5.24 mg and standard error of 0.96 mg while the PCEA group total hydromorphone dose had a mean of 1.37 mg and standard error of 0.11 mg [ Figure 2 ]. There was no significant difference in the NSAID, acetaminophen and oral opioid dose between the two groups. The frequency of nausea/vomiting and pruritus between the two groups did not achieve statistical significance with (P = 0.663) and (P = 0.639) respectively [ Table 3 ]. The mean frequency of nausea/vomiting in i.v. PCA group was 1.15 with a standard error of 0.18 while the mean frequency of nausea/vomiting in the epidural group was 1.29 with a standard error of 0.26 [ Figure 3 ]. The mean frequency of pruritus in the i.v. PCA group was 1.30 with a standard error of 1.06 while the mean frequency of pruritus in the epidural group was 0.77 with a standard error of 0.33 [ Figure 4 ]. After adjusting for demographic variables, the treatments groups' hydromorphone dose was still significantly different (P < 0.0001). In the epidural PCA group, 28 patients out of 31 answered "Yes" to our pain regimen satisfaction assessment question, while 13 patients out of 20 answered "Yes" to our question in the i.v. PCA group. The epidural PCA group had a 90.3% satisfaction rate compared with 65% in the i.v. PCA group (P = 0.028). There was one major complication as per Society of Interventional Radiology criteria, which was a cerebrospinal fluid leak from the dural puncture for the epidural requiring 10 days observation and pain management for orthostatic headaches that resolved at discharge. No minor complications were recorded. None of the patients were re-admitted within the following 30 days. 
dIscussIon
Uterine artery embolization for fibroid treatment is a safe and effective and a well validated procedure nowadays. It is associated with post embolization syndrome (PES) in the majority of patients with postprocedural pain being the most bothersome symptom. PES is thought to be secondary to infarction of all or a portion of the fibroids. [3] Patients usually experience pain, nausea and vomiting, fever, fatigue, and malaise. The symptoms of PES follow a typical pattern after UFE with pelvic pain and cramping worsening the first 2-3 h, reaching a constant level for 8-12 h likely from transient myometrial ischemia. [3] After this, the pain usually subsides to a significantly lower level. [3] There are multiple regimens that have been used for pain control after UFE. At this institution, epidural analgesia has become the standard practice supported by anesthesia availability and patient's overall satisfaction with their pain control.
i.v. PCA is a safe and effective post procedure analgesic technique that has been the gold standard for pain relief after major operations. PCA makes it possible for patients to achieve proper pain control by themselves using self-controlled titrated doses of analgesics. i.v. PCA is relatively quick and simple to set up and administer. [1] However, studies have shown that procedure patient-controlled epidural analgesia provides better post-operative pain control over i.v. PCA. [2] Epidural analgesia can be administered using two agents; local anesthetics and/ or opioids both of which can block afferent pain stimulations and efferent sympathetic responses. [1] Also, epidural analgesia is known to cause significantly less generalized sedation than i.v. PCA since direct i.v. infusion of opioids is avoided and a lesser dose of opioids is needed. [1] Lidocaine is a well-known, widely used local anesthetic agent. Intra-arterial preservative free lidocaine mixed with PVA particles or injected after embolization, has been found to be effective at decreasing pain and opioid dose after UAE. [4] Injection of lidocaine at the end of the embolization may be preferable due to the lower rate of leiomyoma infarction when lidocaine was administered as a mixture with the embolization particles. [4] This may be due to inadvertent uterine artery vasospasm while still delivering embolic particles. High concentrations of intra-arterial lidocaine have been reported to cause severe vasospasm with suboptimal outcomes after UAE. [4] A lesser known technique is the percutaneous superior hypogastric nerve block (SHNB) which can be performed under CT guidance or intra-procedural fluoroscopic guidance using the Aortic bifurcation into both iliac arteries for accurate targeting of superior hypogastric plexus with subsequent administration of a local anesthetic agent such as bupivacaine. This method of pain control when combined with NSAIDS has been shown to improve patient satisfaction by providing adequate pain control after UFE. [3] However, lack of familiarity among interventionalists and potential associated risks of percutaneous SHNB, including but not limited to bowel transgression make it less appealing as compared with the well validated technique of epidural analgesia or i.v. PCA.
Another alternative pain management approach is to provide a complete oral regimen for post UFE pain control, allowing same day discharge and with the added potential healthcare cost savings. However, pain level after UFE can vary widely due to several procedures and patient related factors and it can become challenging to manage in a completely ambulatory setting.
Epidural analgesia is a well-accepted alternative to conventional i.v. PCA; the cumulative dose of opiates in a 24-48 h period with i.v. PCA can be substantial with a challenging transition to an equivalent oral dosing regimen in preparation for discharge. [5, 6] Epidural analgesia allows for easier transition to an oral opioid regimen as less oral agents are required thereafter as compared with post i.v. PCA transitioning. [5] Epidural analgesia often uses a local anesthetic (i.e., bupivacaine) in association with an opioid agent; the synergistic effect between these two agents allows for adequate pain control while using a lesser opioid dose. This synergistic effect causes sodium channel blockade of pain pathways with a much lower opiate agonist effect in these pain pathways resulting in satisfactory analgesia. [5] Unfortunately, no visual analogue pain scores were recorded which would have better validated the results and made them more reproducible/comparable to other studies and future audits, since a simple question on patients' pain control regimen satisfaction would certainly not suffice as a well validated measure. Also, although there was a 5-fold increase in parenteral opioid requirements in the i.v. PCA group as compared to epidural PCA group, the mean nausea/vomiting scores were not statistically significant. This is likely because PES results in nausea itself, regardless of analgesic method and maybe a confounder that explains why there was no difference in side effects between the two groups. In addition, no cost effectiveness analysis was performed to evaluate the added cost of epidural PCA compared to i.v. PCA; however, it is worth mentioning that all epidurals were billed for and reimbursed.
conclusIon
This clinical audit shows that our epidural PCA option is an acceptable alternative for post procedural pain control after UFE and should be considered by all UFE providers. It's most significant advantage is the significant reduction of parenteral opioid requirements after UFE as compared to i.v. PCA. The reduction of overall administered opioids is inevitably becoming a matter of extensive research and debate nowadays given the current opioid epidemic.
However, there was no statistically significant difference in medication related side effects or oral opioid dose use thereafter. A larger study sample is likely needed to further examine this matter. It is worth noting that the epidural PCA group achieved a higher satisfaction rate. A double blinded prospective study is needed to evaluate epidural PCA regimen in post UFE patients as it may offer significant advantages over other methods.
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